The influence of individual impurities of Fe on the electronic properties of topological insulator Bi 2 Se 3 is studied by Scanning Tunneling Microscopy. The microscope tip is used in order to remotely charge/discharge Fe impurities. The charging process is shown to depend on the impurity location in the crystallographic unit cell, on the presence of other Fe impurities in the close vicinity, as well as on the overall doping level of the crystal. We present a qualitative explanation of the observed phenomena in terms of tip-induced local band bending. Our observations evidence that the specific impurity neighborhood and the position of the Fermi energy with respect to the Dirac point and bulk bands have both to be taken into account when considering the electron scattering on the disorder in topological insulators. arXiv:1712.00915v2 [cond-mat.mes-hall]
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The charge screening being rather poor in Dirac materials, individual atomic impurities are likely to be charged. This charging could have a dramatic impact on the efficiency of novel field-effect nano-devices 16 based on topological insulators. Charged individual Fe-impurities embedded in Bi 2 Se 3 have already been reported in previous works 15, 17, 18 and produce ring-shaped spectral features in conductance images of scanning tunneling microscopy experiments. Also, the observation of impurity charging is not exclusive to TIs: ionization rings were observed near defects in several materials such as semiconductors [19] [20] [21] [22] , graphene 23 and semiconductor surfaces with deposited Co-islands 24 . In our work, we show that the position of the Fermi energy with respect to the Dirac point and the bulk bands 25 plays a crucial role in the charge screening and scattering in TIs. We also evidence the strong influence of neighboring impurities in the charging of an individual iron atom. A selection of dI/dV (V ) conductance images recorded by scanning tunneling spectroscopy and measured above and below the Fermi level E s F is presented in Fig. 1 (e). All these images were recorded in the area presented in topographic image Fig. 1(a) . In our experiments, Fe 1 defects exhibit a specific spectral signature at -300 mV presented in Fig. 1(e) , giving rise to a strongly contrasted triangular shape in conductance images at negative voltages in Fig. 1(f) . Fe 2 sites do not show any sharp signatures in the conductance spectra, Fig. 1 (e), but they also exhibit regular patterns with triangular symmetry in the conductance images at negative voltages. Finally, Fe i sites only weakly perturb the electronic properties.
Circular patterns due to charging of Fe impurities are also visible in conductance images. The rings are seen to appear only around some specific defects and some defects are not related to charging rings. The ring contrast is dark for bias voltages ranging from -500 mV to +100 mV applied to the sample with respect to the tip.
On the contrary, from +100 mV to +250 mV the rings appear brighter. It has been shown in prior works that the observed rings can be unambiguously associated with the charging/discharging of specific impurities, triggered by the STM tip. The density of the conduction states being low, the presence of a metallic tip at biased voltage near the surface results in a local band bending in the From our ARPES experiments (Fig. 4) was not observed. However, our experimental data evidence that the presence of Fe 1 defect in the surrounding of Fe 2 defect (see Fig. 1(f) impurity. This possible mechanism is discussed further in the supplementary material.
Another argument in support of our picture comes from the analysis of the contrast of the ring as a function of bias voltage in conductance images, e.g. Fig. 1(c,f) . 
B. Charge state of double defect
From our ARPES experiment (Fig. 4) it is deduced that CBM is located nearly 200 mV below E s F . The spectra in Fig. 1(e) show that the conductance is strongly modified in this range of applied sample voltages near the Fe 1 defect compared to defect-free surface regions.
To a certain extent, an influence of Fe 1 might be interpreted through the local doping effect of the system with an excess of holes, which bends the bands upward. The signatures of such an effect can be seen in Fig. 1(e) .
Indeed, for surface regions far away from Fe dopants, conductance as a function of voltage rises at voltages 200 mV below E s F (position of CBM from our ARPES experiment). However, at Fe 1 defect, conductance becomes a decreasing function at the same voltages and it starts rising again at significantly higher voltages, which can be associated with shifted upwards position of CBM with respect to E s F . Let us stress that local hole doping at Fe 1 dopant was also revealed in Ref. [2] from the analysis of conductance spectra although they are not completely identical to our spectra in Fig. 1(e) . The resulting band bending around the Fe 1 atoms may shift transition level closer to E s F and make the crossover easier from 2+ to 3+ state of surrounding Fe 2 atoms. A described mechanism is illustrated schematically in Fig. 6 (a) . Our speculations are also consistent with the experimental fact that 
where ρ[φ(x, y, z)] is the charge density in the depletion layer. Assuming a large tip radius, we neglect x, y gradients of φ in (S1) and obtain
In semiconductor case (i) the r.h.s. ρ[φ(x, y, z)] = e∆n does not depend on φ where ∆n is carrier density. Within this approximation, the solution yields a quadratic de-
(a) (b) In the regime of degenerate semiconductor (ii) the re- of the tip geometry on a qualitative level, i.e., up to the unknown scaling in z-direction. The obtained tip shape is represented in Fig. 7 as a three-dimensional reconstruction. Contours in the bottom of the three-dimensional plot are cross sections of the tip in the horizontal planes and they coincide with the same ring observed at different bias voltages. For the reconstruction, we used ring 1 from Fig. 1(a) , because its size shrinks to zero in the investigated range of bias voltages (see Fig. 3 ), which is necessary to recover the shape of the tip termination.
Since various rings exhibit similar dependencies of aver-age size versus bias voltage, as depicted in Fig. 3 , this procedure leads to similar tip shapes for different rings.
The differences between positions of curves in Fig. 3 along the vertical axis seem to originate from local fluctuations of the transition level for Fe 2 atoms of double defects with respect to the Fermi energy.
